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A MIDDLE PLEISTOCENE VERTEBRATE FOSSIL ASSEMRI.ACE FROM 
CAl HEDRAL CAVE, NARACOORTE, SOUTH AUSTRAMA 


by SThvi:\ P. Brown & K() 1)1 :KK k T. Whi.LS' 


Siiminary 

liuowN, S. P tV: \Vi:i i R. r. <2000). A MidJk* PIcisloeciic vcrlehmlv: TosmI yssembla^c (nnw Callicdial CavL*. 
NjjiaL*«M»ric, Suurl) Auvii';)liii. I'nrns. R. Sm', S. Aitsi. 124 (2). 01-104, M) NovL*nihcr. 2000. 

l.ncalcJ HI ihr Naracimrle Caws Cimsci valioii ralliedral Ciivt' ivprL*seiiis nriL* nf ilu: iimul' tnssil-iiLh 
vvrfcbraie silos wiiliin ihc ivgion. An analysis of iho j!colo^*y and palaotailologv oi' iht* lo.ssll a.ssomhla^o.. 
rtHiplod Willi U-soi’ic.s daiing, has oiuihlod j ivcunsirucfion of hciih iho acvumulalion modos anil iho proximal 
onsiroinmMil bolwocn aboiil 2X0,000 an<) IN),000 yours uijo. diirinH Llic Vbddio Ploi-sloLcOo A |iiLljll hap Is 
su<’jios<cd as Ihc primary mcchani.sm I’oi collcchiiy animals whose remains became incorporated in (he deposii. 

I hc lauiia mdkiiic.s ail onvironmont domiiiaiod by large herbivores inhablling a gras.sy open fores! or woodland 
vvilli link* siiggesdon of aniliiv- 

Ki \ Wokhs- Naiiicoonc, Caihcdral Cave, fossil assemblage. I -series daling. laphonomy Middle PleisuveiiL. 
pill all Irap. 


IrUnxliidion 

The Oligo-Mioccnc limcsionc iNaracooiic 
Member ol' the Clnmhior l.imesione) underlying 
much of Ihc N.iracoorlc region contains an cxlcnsivc 
system of caves well Known lor their fossil cmilenL 
Thc best studied arc ihc richly fossilircmiis deposils 
in Victoria r«>ssil Cave (e.g, .Smilh 1071, P-^72, 
1970; Van Tcls iV Smiih 1974; Wells I97.S; Tyler 
1977: Wells et nl. I9S4). However, link* is known 
about the IosmI content of other caves in the region. 
Ongoing geochronological and palaeontological 
research (Ay line ik Vccli 19XS: AylilTc vi al. I99IS: 
MorTarly t'l uL 2(M)0) has encompas.sed many *nevv” 
lossililerous cave sites. The I’ossil Chamber ni 
Cathedral Cave is one such site (I ig. I ). The present 
study presents a detailed geoli>gical, laplionomic 
and r.iunal analysis of Ihe Cathedral Cave lossil 
deposit. 

Materials ;incl Methods 

(if'ohfjilv: sfmfiiiiivfthv seilifncntolor^y 
A survey datum was established (»n a liinesU)iie 
block m close proximity to the sedimrni cone in (he 
bossil Chamber (big. 2).. Tlie seilimeni lill was 
.syslfiiialically probed willi a I m long 10 mm 
diameter roil to locate subsurface limestone blocks 
A 7f> mm diameter soil auger was then used m 
sample the sediment to a depth of 2 in avoiding the 
biiiied blocks. Auger holes were spaced at 5 n> 

.S*rhm»l 1)1' Hi<tlui4iL;il StkiteJM. I ImtliJrA lim\i:f>»iW nl SoiUli 
Auvhiiha. CJPO’ Lk*x 2 lhU •VIcKikIc SA >n<H t matl- 
>ffN wi I hn >wn I'l i i/ita.iiii 


inlervals acf(»ss Ihe .sediment fill. I.ach borehole was 
sampled al 10 cm increments and a siibsiirlace 
siraligruphy constructed. All dc[)lhs to datum were 
measured- A sample of sediineuL from eadi 10 cm 
inlei val was placed into a dear snap-loOk plastic bag 
and labelled with the auger liole local ion and depth. 
vSmnples were reiurncd to I he blinders lliuversilv t>f 
South Australia and scored bu* .sediment colour 
tMuii.scll colmir charts), clay eonteni, caleitim 
carbonate conicnl, gram .‘*i/c .ind soiling (following 
the procedures of Day l9b.S)^ and grain morphohrgy 
(McCollougli sand gauge), 

Access to the Fossil (diamber was via a dug crawl 
way approximately 120 ni in leiiglh (Ing. ll. 
Fxcavation of ro.ssillferous sediments w^as carried oul 
('vei a ihrcc-nionlli peiiinl to April |99X. fwo pits 
were excavated within the Fossil Chamber (Pig. 2), 
I'he first ( Pit A) measm eil 2.S m x 1 .5 m \ 0.76 m and 
the second (Pit B) ineiLsured 2.f> m x 2. 1 m x 1 .04 m. 

Sediment was carefully excavated along ihe 
bedding planes using trowels, denial pieks and 
brushes. P.xposed fossils weiv left in siin while the 
following dala were collected: the ilepih below, 
tiislancc to. and direction from daluiii; the dip and 
hearing of the specimens. A sighting compass, lape 
measure and a line level were used lo uccomplisli 
this. Specimens were ihen removed from ihe 
sciliments and transported to the luhoraiory where 
they were cleaned and stabdi.sed wnh a polyvinyl 
hiilyratc (Mowitaf , lloechsl). Due to the difllciiliy 
of removing sedimcni IVom the Cave ti was dry 
screened on silc using 3 mm mesh sieves. 
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classified as irregular perpendicular, crenulated, 
spiral and compression following Lyman (1994) and 
Marshall (1989). Characterisation of weathering 
stages follows Behrensmeyer (1978), 

Following Andrews (1990), all large mammal 
skeletal elements were eoimted (Ni) and their 
relative abundance (Ri) calculated. The relative 



Fig, I . Map of Calhcdral Cave, Naracooitc, showing the position of the study site. Mt)dified from Cave E.xploration Group 
of South Australia surveyed map of Cathedral Cave. 


Ti iphom >mic ana lysis 

Each specimen was identified where possible to 
species or genus and element type. It was then 
examined for breakage pattern, presence of predator 
marks, abrasions, weathering and any other 
notieeabie surface modifications (root etching, 
hurninti, colour alteration). Breakage patterns were 




I-OSSII. vriRTfiBRATH.^ FROM CATHIIDRAL ( AVB. NAR VCOOKTIl 


.ibimdiincc founls were bused on Ihe relalionship 
bemecn ihe Ni Ihc expected niinibcrs of each 
element within a complele skeleton, and rhe 
miniimim mnnher i)l‘ imIividuuU (MKI), This is 
Mil 111 nan sed %is. 

K| % = X 100 

(MNl»(Ki> 

Ihe MNI Was piodlieed by suimnin^ the most 
abimdunl skelct.il clement rererrahle to the Luxon in 
i|ucMii>n and diviilme (his by tlic inimbcr repaxsemed 
ill a complete skdcltm. These residls were then 
toiullod to give an overull large mammal MNI. 
Species MNI were based primarily Ihe number of 
LTuniodenuil specimens, as these contain the species- 
specilic characters, while MNI values for genera 
were based on elemenis, uMially post -cranial, which 
could not he ideiilillcd lo species le^cl. Ij was 
ealeiilated by imilliplying the MNI by the iiunibcr of 
each elemenl type preseiU in a complete skeleton. 
The Red Kangaroo., Mtirropii^^ mfit^ (Desniiivresi, 
|d22) was used as the eumparalor skeleton lor Ki 
calciilalions. fo enhance accuracy, caudal verlehrae 
were excluded lioin these caleulaiimis, as thcie is 
considci jhle variation in the number of tail vcrtcbiae 
between species, 

Kesiilts 

fVyiv uulimrnts 

.Sediments accumulated as a simple cone bencutli a 


solilaiy roof eiilrance now choked wilh sctlimcnl. 
limestone bUieks aiui caleile Idrmaiion. Wilhin Ihe 
cone, four sedimeiilary units werc^ easily idenlilled 
idesiniiaitsl 1. 2. J and 4) on the basis ol coIolii. All 
units consist of <juan/ sands with variable ijimntities 
of admiM'd clay (Table I), C’arbiinaceoiis malerial is 
ahimdanl in Units I and 2. sparse in Unit ^ and 
absent from Unii 4. Vcilebralc fossils vvcrc recovered 
From all units wilh ihe exeeplioii oF Unit 4. I lulls I. 

2 and 4 are coniiiuious Ihroughnut the l <»ssi| 
Chamber, Unit 3 is restrictoil to the distal regions of 
the sediment eone. All sediments have similar 
diaraetciislics ol grain si/e (big. .^) and shape, arul 
clay conlent. SedimeiU colour was unit(ue for each 
unit. 

Three U-serics dates on calciie deposils 
nilcriaycred wilh llie fossiIifcTi>us sediments in 
Cailicdral Cave were repo? ted by Ayliffe vi al, 
t looS), These ages ahmg wilh an additional date tC( ' 
FC FS-4) obtained during this sludy are presented in 
Table 2. A small iiuanlily of hone was foiiml 
dc']?i)siled within (he llovvstiHle layers. All scdiineoi 
units (I io 4i lie bencaih ihe flowstone simcuiie 
(CCFC F.S-2) dated al 159.2 ± 2.2 ka. A llowsione 
tCCTC rS-3) ilated al 279.2 ± 7.2 ka lies below Unit 

3 while t>vorlyiiig Unit 4. the sirniigraphit 
relalionship Ivtw'cen (he sctlimentary units ami Ihe 
dated I low stones is shown in Fig. 2 



279 ka 


r 


399 ka 


Limestone 

Spcicothern 


Fig, 2 SoelioM of the I’allicJral Cave Fossil ChainK*i sti<»wing ifir siraligraphy, tlaictl spcIetUhcms. ihe posiiinn ol (he 
c'NcuMilion pils aihl Iht localioii ol (lie daliim. VertelMalc lOssiTs were trenvetvtl livm scclimentaiy L'lifts I. 2 aiul .V 
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I\ilae<}n(ology 

AssOCI/VnON AND ARTICULA'HON 
During' excavation it was evident that some bones 
were either in association or ailiciilaiion. 

All t>r the associated specimens were from either 
exlincl {Provoptoilon^ Sthenurus) or extant 
\ Macropus) species of kangaroos. Based on MNl 
calculations, parts ot five (3 Siheaurus spp„ I 
Procopto/Ion sp. and I Maempus sp.) individuals 
were Ibund in association representing of the 
total number of specimens recovered. 

Figute 4 shows an articukiled specimen in sifn. 
Articulated material represented ].6% of the total 
number of specimens recovered. Articulated 


specimens include both extinct (Sf hen urns giUi 
Merrilees, 1965, one individual) and cxlanl 
(Macropus sp., one individual) kangaroos and an 
extant bandicoot (Isoodon sp., one individual). The 
discovery of the ailieidaled partial skeleton of S. 

i.s the first ever recovered and will be 
described elsewhere. The arlicidaled bandicoot 
skeleton was cncasctl within u mass ol calciie. The 
urrangemenl of its bones was not consislenl with 
an owl pellet. 

Breakage patterns 

Figure 5 shows the distribution of breakage 
pattcrn.s for the total fossil as.sembUigc. 


T.\uu. ]. Cfiamcteri sties of seclinietium units within the Cnthedraf Cnee hossil Cham her. 


Unit 

No. 

Clay 

CaCO' 

% 

Sand 

% 

Sediment colour 
iVluiiscll 

Sand colour 
M unsell 

CliTiin 

shape 

1 

8.7 

5 

86.."^ 

Yellowish red 
5YR5/8 

Reddish yellow 
5YR6/8 

SR-SA 


(1.5 

7.J 

86,4 

Dark red 
2.5YR4/8 

Yellowish red 
5YR5/8 

•SR-SA 

> 

8.2 

A 

88.8 

Reddish yellow 
5YR6/8 

Very pule brown 
10YR8/2 

SR-SA 

4 

8.9 

2,3 

88.8 

Very pale brown 
I0YR8AI 

Very pale brown 
10YR8/3 

SR-SA 





FOSSIL VERTEBRATHS FROM CATHEDRAL CAVE. NARACOORTE 
Tabi k 2. Sutmuaiy <ff Ll/fh clale.< on ca/cite deposits in Cathedral Cave Fossil Chamber. 


Code number 

Date (ka) 

Comments 


CC FC FS-4 

95.2 ± 1.3 

Overlies Units 1 , 2 and 3, Pit B. 


CC l-C FS-2 

159.2 ± 2.2 

Overlying all sedimentary units; provides minimum 
sediment intlux ceases 

age of fauna; 

C C FC ( S-3 
CC FC Sul 

279.2 ± 7.2 
399 ± 19 

Underlies fossil hearing sediments; gives maximum 
Provides absolute maximum age of fauna 

age for Units L 2 and 3 


Dates and sample code numbers From AylilTe et al. (1998) and AylilTe (pers. comm. 1998). Code number abbrevialioiis: 
CC, Cathedral Cave: FC, Fossil Chamber; FS, flowslone; St, stalactite. 



Eiy. 4. All example oFone oFlhe mljculaled speeimens in 
situ in Ihe Calhedral Cave fossil deposit. This large 
maciopodiiic vertebral column (cervical to sacral 
veriebrae) including .some pelvic elements, was retrieved 
inuici. Scale bar 10 cm. 


Approximately half oF till specimens collected (48%) 
were entire (i.e. no breakage); another 25 showed 
evidence of clean recent breakage during excavation 
and/or removal. The remainder showed breakage 
patterns of more ancient origin that included 
irregular perpendicular (22.5% ), crenulatcd (2.3%), 
spiral fracture (1.4%) and compression (0.8%^). The 
majority of compression fraelurcd specimens were 
concentrated in the lower Unit 3. 

Frpoation and scavenging 

Bone damage caused by predation or scavenging 
(including surface markings such as puncture 
wounds tind crenu kited gnaw damage) was evident 
on 2.5% of .specimens. Predation or scavenging 
damage was restricted to bt^nes of kangaroos of the 
genus Macropus with an estimated body mass of less 
than 60 kg. None of the very large extinct marsupial 
species (e.g. Zvi^omaturus. Froc()jnodon) exhibited 
predator damage. 

Surface features 

Few specimens from the Cathedral Cave fossil 
assemblage showed evidence of burning. Burning is 
commonly recognised by the carbonisation of the 
hone collagen, discolouring the bone tt> black 
(charring) or producing a chalky white texture From 
prolonged exposure to high temperatures 
(calcination) (Brain 1981). 

A few' long bone fragments had a uniform deep 
brown surface discoloration that in places penetrated 
into the cancellous core. Specimens From swamp 
sites such as Rocky River on Kangaroo Island show 
s i 1 n i 1 a r d i SCO 1 orati on . 

No evidence of root etchings or abrasions was 
lound on any specimen From the fossil sample. Some 
‘pscudo-abrasioiL patterns were observed (i.e. 
abraded cancellous bone), but these were interpreted 
as prefiaration damage. 

Few specimens showed evidence of sub-aerial 
weathering. Figure 6 shows the fiei|ucncy 
distribution of bone weathering with the vast 
majority of specimens categorised as weathering 
stage 0, 
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Skelptai. P! fairnt AH1JNDANC'I:S 
The skeletal elemeiU abundances lor large 
mammals from each rossiliferoiis sedimcnuiry iinil in 
each pi I are presented in Table 3. On average, the 
relative abundances ( mean Ri^3 of skeletal cjcincnls 
rcpreseiuing large mammals are between 4.3^^ and 
6.3^^. The highest relative abundanee values are for 
mandibles (mean of 19.6'^^'), lemora (11J%) and 
tibiae (12.4^;-^). The lowest mean relative abundance 


values obtained arc for phalanges caipals 

(0.0%) and mclacarpals Although the 

absolute numbers of vertebrae and ribs are the 
highest for most units, their relative abundances are 
close to the mean. 

Sffcirs MNI 

Tables 4 and 5 show the MNI values for each 
species ideniilled from the Cathedral Cave fossil 



fig. 3 Disiribiiiion ot the various breakage paUerns Fig. 6. Frci|ueiicy disiribuiion of specimens displaying 
observed im the eiuite C’alhcdnil Cave fossil sample (N = cliaracieristies of ihe vari<nis weathering stages 

545). Abbreviaiions; 1. P„ inegular perpendicular. Cien.. Obllowing Bchrensmeyer 1978) from ihe Cathedral (’ave 

erenulaied. Cump., Ciimpres'siiai. Rec./unk., recent (post fo.ssil assemblage, 
depositiniial I or unknown damage. 


T Am i: 3. mumwal skdoioi eteweiti ahimtlance (No. ) o/uf relative ahmuUmce ( from hath exruvulion pits atui all 
fossitifen^ns snlimeiiiary units in the Caihedral Cave I'o.ssil Chaniher Naracoorte. 


Pit B BAB A 


Llnii 

Clemen! 

3 

No. 

Ri^^ 

2 

No. 

RiVr 

No. 

2 

Ri^4^ 

1 

No. 


No. 

1 

Ri% 

Mean 

Ri'iJf 

Skulls 

4 

12.1 

3 

7.5 

1 

7.7 

1 

11.1 

0 

0.0 

7.7 

Maxillae 

4 

6.1 

II 

I3.K 

1 

3.8 

1 

5.6 

0 

0.0 

5.9 

.Mandibles 

13 

19.7 

22 

27.5 

4 

1.5.3 

3 

16.7 

3 

18.8 

19.6 

Individual leeili 

9 

0.8 

6 

0.4 

1^ 

2.9 

0 

0.0 

5 

1.8 

1.2 

Vertebrae 

46 

5.2 

61 

5,6 

19 

5.4 

13 

5.3 

18 

8.3 

6.0 

Ribs 

24 

2.8 

21 

2.0 

10 

3.0 

3 

1.3 

12 

5.8 

3.0 

Scapulae 

4 

6.1 

1 

1.3 

0 

0.0 

1 

5.5 

1 

6.3 

3.8 

lUimeri 

3 

4.5 

4 

.5,0 

1 

3.S 

1 

5.5 

1 

6.3 

5.0 

Radii 

3 

4.5 

3 

3.8 

*> 

7.7 

0 

0.0 

3 

IX.8 

7.0 

1 !lnae 

1 

1.5 

4 

5.0 

1 

.3.8 

■s 

11. 1 

1 

6.3 

5.5 

Carpal s 

0 

0.0 

0 

0.0 

1 

0.5 

0 

0.0 

3 

2.7 

0,6 

Moiucarpals 

0 

0.0 

0 

0.0 

1 

0.8 

0 

0.0 

0 

0,0 

0,2 

1 'civic elements 

13 

4.9 

9 

3.8 

3 

2.9 

3 

4.2 

1 

1.6 

3,5 

tVmora 

16 

24.2 

9 

n.3 

2 

7.7 

0 

0.0 

T 

12.5 

11.1 

Ubiae 

II 

16.7 

U 

7.5 

1 

3.S 

5 

27.x 

1 

6.3 

12.4 

Fibulae 

2 

3.0 

1 

1.3 

1 

3,8 


11.1 

1 

6.3 

5.1 

Tarsnls 

10 

2.2 

7 

1.3 

5 

2.7 

0 

tt.O 

3 

2.7 

1.8 

Meiaiai-sals 

13 

4.9 

16 

5,0 

5 

4.8 

0 

0.0 

1 

1.6 

3.3 

Pliahmges 

12 

0-7 

12 

0.6 

X 

1.1 


0.4 

4 

0.9 

0.7 

Totals 

IHS 


196 


79 


37 


60 




Mean Ri^C 


4.3 


6.3 


5.4 


5.6 


5.6 




rosSIK VCRTnimATES FROM CMUHDRALCAVl., NARACOORTi: 


97 


assemblage. A lolul of 103 large mammal and 107 
small vLTlehratc individuals is repie.senled by Ihe 
fossil collection. The most common species was the 
Hasierii Grey Kangaroo. Mnempus (Shaw, 

17K0). In total, kangaroos of the sub-family 
Macropodinae are the most freijuently represented 
species (40.5^f>), lollowed by those of the extinct 
Slhenininue (37,9%). The most prevalent small 
mammal speeies were rodents. 

SfFCILS AKUNh ANCFS 

Figure 7 shows the proportions of each large 
tiiammal species within the enlirc fossil sample 
based on MNl values. I lerbivore.s are represented by 
97. Kv of all large mammal fossils. Appnvximatcly 
half l3l.59r) of hcibivores in the deposit are extant 
kangaroo species of the genera Macropns and 
Wdllahia. Mnrn^pns spp. dominate the grazing 
niche, wliile the exlincl slliemirinc kangaroos 
i37.4^n along with Whilahia hicolnr (Desmarcsl, 
IS04) make up the majority of browsing herbivores. 
Large eumivores make up only 3% of the total fauna. 


Body mass DisiKiiiirnnN 

Figure S displays (he bixly mass distribution for 
large mammals (>5 kg). Body mass esiimalcs were 
obtained from Calahy (190.5), Jones (1005), Lee ^ 
Ward ( 1080), Merchant (1005), Murray (1084, 1001 ). 
Fnole (1005), Rounsevell Mooney (1005). Wells 
( 1995) and Wroe et ul. ( 1909) using maximum male 
weights. The large mammal distribution shows a high 
frequency of individuals weighing between 5 and 20 
kg and between 4(1 and bt) kg. Very few^ veiy^ large 
individuals (>l()0 kg) arc represented in the fossil 
deposit, 

M amm ai 1 1 a hi i a i s 

1able 6 shows the preferred or inferred habiiats ol 
all the mammal .species represented in the Ciilhedral 
Cave fn.ssil assemblage. The majority of species 
inhabited an open forest or vvotidland environment. 
Some species are known li> tieeupy a wide range ol 
present day habitats imd. coiisetjiiently, are less 
informative. Tiy^anumints iriluhns (Macleay. 1H5R) 
has been suggested by Murray (1 084) to have 


T.\m h. 4, Mimmmu inmdu'r nf imlhitlnal.s (MND Jnr wamnwh from oH ftmilifarnm wdimeuhny miiis, Catfu’Jral 
(m\i\ iVurunuirlf. 


Fit 
I lull 

A 

1 

A 

'} 

B 

1 

R 

a 

n 

.4 

7 7/ vlarifufs cviu meplu tht\ 




1 


Total rii) lacinidae MNl 




1 


(Msiorhimrs hitifrons 


1 



1 

Von 1 ha 1 iliac liidet. 



1 


1 

loial Voinbaiidac MNl 


1 

1 


2 

A fiu ni/m V g v/ v 

*> 

3 

4 

10 

1 

A/m ropas mfoi*ris(>us 


1 


2 

.S 

Miicmpns sp. liidel. 

1 


1 

10 

h 

WUfiahiti /»/coA»r 





2 

Ti'lal Mauopodinae MNl 

3 

7 

5 

2? 

14 

Sthamrus g/77/ 

1 

1 


5 

5 

Stlh^minfs Anmv/iv 

1 

1 


2 

1 

Siluvnrus oiritlonudis 




2 

1 

Sihrtmnts sp. Indel. 

2 

2 

2 

5 

(y 

pK)n»pfttilt}H iiidiah 




1 

1 

Toliil Siheiiuriiiae MNl 

A 

A 

-> 

15 

14 

/xytnmtifints n dohus 

1 

1 

i 

1 

1 

7blal /ygoinaliirinae MNl 

1 

1 

1 

1 

1 

I'hyhH oIvtf { {judffx 




1 

1 

lolul 1 Uylacoleonidae MNl 




1 

1 

Total No. exiinei species 

A 

4 


H 

s 

Idlal No. extaiii species 

1 

4 

3 

3 

5 

Tittal No. species 

0 

8 

5 

1 1 

13 

Total MNl exiiiict species 

.s 

5 

4 

IK 

17 

Total MN) exuiiit .species 

3 

s 

ti 

22 

lb 

TfMu) MNl 

S 

n 

n 

40 

43 


N.H. SfHraphUus lun rixii is pre.seiU in ilic assemblage bill was recovered during a iiievioiis excavation and the 
si raligrapliie origin is iinkiimvn. 
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inhabited wetlands, such as swamps or billabongs 
and its diet may have included vegetation growing 
along the banks of water lioles. 

Discussion 

Geology 

Caihedial Cave lies within the Naracoorte East Dune 
\\ hich contains a series orpotential sediment sources lot 
cave fills, including Pleistocene beach-dune, estuarine^ 


lagoonal and lacustrine facies, and Pliocetie marine and 
lluviolucaslrine facies (Cook t7 1977; Grimes 1994). 
These sandy facies, individually or in a combination, are 
a likely source for the Cathedral Cave sediments, 
although soil formation, leaching and/oi* mixing makes 
it difficult to establish firmly sediment provenance. 

Ttie sedimentaiy units within the Fossil Chiunber 
appear to be continuous between excavation pits with the 
exception of Unit 3. No distinction between .sedimentary 


T\BLt 5. Minfwinu iwmber oj indivkluals {MND for small mammals, reptiles, amphibians and birds from (dl fossilifcmiis 
sedimeniory units, Cathedral Cave, Naracoorte. Jndeterminale family or class individuals were not inrhided in loiul 
e\iinci/e,\ uwt species calculations. 
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IJlMt 

A 

1 

A 
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B 
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B 
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3 

Srnhithi *psi\ mnrina 


1 




AnfeeJunns flu vipes 



1 



Anteehinns .sp. Iiiclct. 


1 


1 


Idia.u oyale culura 


1 

1 

1 


Dasynnis vi VerriiUis 

1 

1 




Da.synrn.s nmen lulus 



1 



ToUil Dasyuridae MNl 

1 

4 

3 

2 


Perameles bouyain vdle 

3 


1 



Peru nudes ymwii 

2 

T 


1 


Perameles sp. Indeu 

(» 

1 

1 

3 


Pcnimeliclae tndel 

3 

5 


1 

1 

Total Peramelulae MNl 

15 

8 

2 

4 

1 

CercarteUis nanus 


1 




Total Phalangeridac MNl 


1 




Peltony^ia penh 'if lata 

1 

1 


1 


PoUnons platyops 

2 



2 

1 

Potornus tridui t\lns 





1 

Peltonyia sp, Indet. 


1 


1 


Total Poloroidac MNl 

3 

2 


4 

n 

Masiacomys fuse 7 is 

S 

3 

4 

5 

1 

Psendomys ansi rails 

5 

1 


8 


P.s'e adorn ys short rid ft i 

1 





N(>tomys mitehelli 


1 


2 


Psendomys ,sp. 

2 





Total Muridae MNl 

Ki 

5 

4 

14 

1 

Aves Indet. 

3 

1 

\ 


1 

Total Aves MNl 

3 

1 

3 


1 

filiqua ruftvsa 

s 

1 


1 


Total Kept ilia MNl 


1 


1 


Umnodynasics sp. liidol. 

s 

1 




Total I.epUnlaotv iidae JVTNI 

2 

1 




Tolal No, exiiricl species 

1 

0 

0 

1 

i 

Total No. extant species 

21 

14 

6 

10 

7 

Toial No, species 

22 

14 

(> 

It 

3 

Total MNl exiinci specie's 

2 

0 


1 


dotal MM extant species 

3(1 

17 

0 

23 


'Toial MNl 

42 

Z3 

12 

25 
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L\;munalii'ii <j| Mil* laic PicisUxcnc Calhcdral Cave fossil 
Accuiniil.'tiuai. Naiacooric, South Ale'll I uliu- USc illons) llicsis. 
The Mimicr'- Uruvcivilv id Soiiih Ausliiilm (linpiib. i. 
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Rig, 7- Frequency nf ihe niiniRer oF inclividiuils of the varimis large riiamnia) species expressed as pereentuges of the tolal 
nuniber of individuals from the Cathedral Cave fossil assemblage. 
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Body Mass (kg) 

fig. S. Disiribiiiion all large maninial species based on 
MNI values pUaicd by vveigbl cUtsses fnuii ihe C’atlicdraJ 
Cave fo.ssil as.se m blag e. 


units aaild lx* made based upon die grain size disiribuiion 
or gram shui:»e. Calduin earbcmale and day conlenl varied 
between the sedimentary units with lillle simiUiriiy wilh 
the sediments of the region (Brown ld9S')- The 
vaiiiilion in ealeiniii earboiiate eomenl ol' the eave 
sediments may ha\eoceiinvd Ibl lowing incoiporalion 
of cave limcsione via IVeitiiig from the Fossil 


Chamber roof (Wells e( ciL I9S4). Fleislocenc beach 
dune facies arc prevalenl in ihe region bul are not 
interpreied as (he siairce Err the Cathedral Cave 
sediments due to their very liigh amoiinl of calcium 
earbonalc conlenl. Moriarty et al. (2000) suggested 
lhal ihc cave fills at Njmicoonc were sourced from 
surface soils during periods vvilli a wei cliniale regime 
wilh abundant vegelation (i,e. irilerglaeials, sladials 
and interstadials). However, Units 3 and 4 contain 
lillle or no carbonaceous malciial suggesting lhal 
.surface soil developmenl may not be signlFieanl 
during Ihe deposition of ihese unils and Ihey may have 
originated during more arid periods where rainfall and 
vegetation cover were low. 

The speleolhem dales provide a time frame and 
suggest cnvimnmenlal cnndilioiis under which 
.sedimcnl acxuiniilaled within the Fossil Chamber. 
The buried flowslonc (CC FC l-S-3} gives a 
maxirnum age (279.2 ± 7.2 ka) (ta* sedimem and 
fauna aceiinuilaiion in Units I, 2 and 3 and a 
mini Ilium age for the underlying Ibiil 4 seilimcnts 
A U-scries date from near the lower end i»f the 
buried stciluctilc (399 ± 19 ka) pmvides a maxinuini 
age for Unil 4, as burial of ibis speleolhem had lo 
occur following its I’ornuUiotK 
The speleothcm developed on the Uj’iper surface nf 
llie sedimeiU coUe, dated al 139.2 ± 2.2 ka, provides 
LI minimum dale forccssaiion of .sediment deposilioii 
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T\hi I-: 6. i*rt'(enrtl or infetrei} fiahUots 
Norm 

S. P. BRf)\VN & R.T. WEU.S 
Ilf iiitiinnuil siH’i'iew ivcoycml fn>iii llw 

Catlieclral Cave fossil assntihfaye. 

Species 

V s 

H 

O. F. \V R 

Afttft hhmy Jhivipcs 


X 

X X X 

Smiiiihopsis ftnfritui 


X 

X X X 

Doyyi t nts vi\ 'crrb 

X 

X 

X 

/Jifwanf v montloms 


X 

X X 

Sarcophifo v han i sii 


X 

X X 

TItyhu'inus cynoccplubos 

X 


X X 

PfuiM'<f,yole cahtro 



X 

tsooiloii ohesuhts 


X 

X X 

} 'eromefes hon^aiuvme 


X 

X X 

Pvnmwhs xjim/nV 

X 

X 

X 

Hetum^to peofriiluht 

X 

X 

X X 

Pi*f<froit.s phityops 



X X 

Pi ^tovi H IS tridart \hts 


X 

X X 

i^isioihiims futiftvns 

X 



.1 h ten >pu.\ met is 

X 


X X 

AJiirntpris nifoyoiseus 


X 

X X 

WnUohia lMa?fot 

X 

X 

X X 

Srhennms gUfi 



X 

Sdieniiru.s hnni fu i 



X 

St heft It ru.s occidettfohs 



X 

Paintptruftm f^olioh 

X 


X 

Circa net us tut tun 



X X X 

Zy'^oittatfirtis tiilohtis 



X X 

Tin lari dea carnife.x 



X X 

Mastcu omys jusem 


X 

XXX 

Psetulmiixs ausit 'alls 

X X 



Psetulmtiys sliarttiiffit 


X 


Nuti ft uys iiiiti It elli 



X 


DilUl obtained Irom Archer ( I9S1), Bradley U995K Chrisieiiscn (1995). lidgar St Belcher (1995)* Fox (1989. 1995). Friend 
cSi Buibidge (1995). Godsell (1995). Happold (1995). neiiisohn (1966), Jarman and Phillips (1989). Joiinsion (1995), 
Murray ( 1984), Sechack et ai (I9S9), Tale (1947), Turner Ward (1995), Walton (1988). Walts ^ Aslin (1981) and Wells 
(1095 ). Forbs. S = .Sav annah. H = Heath. O.F. - Open forcsi. W - Woodbind and R = Rainloresi. 


in the chamber, which probably occuired rollowiiig 
blockage of the solution lube entry point. In other 
word.s. the entire Cathedral Cave fauna From Units 1, 
2 and 3 dates beKveen 279.2 ± 7.2 and 159.2 ± 2.2 ka 
CiTrc.sponding with o.xygeri isotope stages 6. 7 and 8 
(Shackicion ik. Opdykc 1973; Martinson <7 ai 1987). 

/tipfuntoiny 

ArcUMUl.ATION MODbtS) 

The fossil evidence suppmls aeeumulation of 
animals via a pitfall trap. The low number of 
mammalian carnivores and the scitrcity of cai*nivore 
tooth markings and gnaw damage (charaeterised by 
cremi lilted breakage patterns), suggest that the fossils 
wei'c not uccuimilaled by iiiammalian carnivores and 
(he chamber was not used as a den or a lair (d‘. 
Lunddiiis 1966: SulclilTe 1970; Brain 19S0; Haynes 
1980; Scott A: Klein 1981; Cruz-Uribe & Klein 
(994; Skinner e/f/Z. 1998). Furlherinorc, Ihc absence 


of root etching and the small number of burnt or sub- 
aerial weiithered bone.s argue against a surface 
accumulalion where animal remains would be easily 
accessible to carnivores. The few specimens 
displaying charaetcrisiics of carnivore aeiivily were 
most likely hydraulically transported into (he cave 
from locations pro.Kimal to the entrance or resulted 
from an enlrapped auni\ ore within the chamber. 

Although water Iransporl oT animal remains into 
the Fossil Chamber may accoimi for some posl- 
niortcni damage, the aforementioned evidence 
suggests I hat bone accumulation did not occur by 
tlii.s means. AH evidence is consistent with a pilfull 
trap. 

The deep brown discoloration oi some bones 
.seems lo conlrasl vvilh the paler colours typical of the 
deposit. The deep brown specimens are comparable 
to bones found in swamp deposits at Hocky^ Ri\er on 
Kangaroo Island (Wells et al. 1999) where llie colour 
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ha.s hccM iiKfiliulcd lo laiiniii iiplake- or plaining. 
Perhaps (his (ypc i)( surfucv toloiirlii^ pivsciii o\i 
Mmif C'aihcdral ( ave specimens mdicatCN local 
ponding wiihin ihc cave system, at a lime when 
oiilsKlc cuiidilioiis ol high vcgelaiion cover iiicieascd 
ihc quaniiiy ol tannins lni»» the* dmvnwaid 
pcrcolaling grmmd water. 

The daiu iiblained lor the small veriehiate tuuna 
(Pahle *>) Miggesl a( least two modes ol 
aeeuimilaiion. ’Hie low loud niimk-r of individimls 
and (he small lUniiher ol' urhoreal species arc not 
ineonsisienl wilh a pillall imp. Arhoreu! species 
svoiilil he fiHire able (o climb out ol the cave had they 
(alien nr climbed In. However, the higher number ol 
lodeni individuals reciucred iVoni Hit A, Unil 1 and 
Pil IT I nil ? sLiggesIs inal nn avian predalor may 
have roosted wnliin the cave or .soluiion tube or in an 
ovciliaiiging. iree. One mighi inlei IVom the ivlalivciy 
small number of individnaK compared with other 
extensive tnvl deposits al Naraeoorle iMcDovvcII 
2000') ihal (his only occiumi lor a shiiri time. 

AkI IC. I I Ainu SI 'Lf a Ml. NS 

*rhe presence ol’ arOCtilatcd liissil spex inieMs 
snggesrs ilial some animals entered Ihe cave mlacl. 
I he.se were presumably live animals, impped by (he 
pillall mechanism, which eilher ilicd Trom ihc fall 
iiilo ihe cave and dceomposcLl on the cone or 
survived (he Tall and were sulwcv|iienll\ able (o move 
about 'vvilhin the chamber. As the majority ol 
aMienlaied matcTial was recovered IVom ihe distal liiii 
legions wilhm the ho.ssil (..'hambcM*. the IiiUlM .scenario 
seems (lie m«nv liKely. ObseiVulion.s by one o( (he 
authors (RI’W) (>l conleinpoiary accumiilutinns 
siiggosi that lolluwing etiUapmeiii. siurving animals 
heemiic tliicmotaxie and lendccl lo seek out the 
^eeuritv ol walls and crevices ;nid dievl there rii s 
evidence furl her supports the hypollicsis Ihal a pillall 
nieehaiitsin was the primary mode ol* aecutmilalion 
lor luige mammul.s and imlieaies dial the lunial id 
.sonic bonc-s occurred rapidly helorc disjiriii iilalion 
Cl 'll id oecMi. 

The lacK ol aOieulaled maierial rcpiesenliiig very 
large niaminuls oM)() Kg) (i.e, Pnuvptthhn sp. and 
/.yj^imwiitruK sp. | .suggesl.s that either their remaips 
were iransporicd into Ihe cave or the tliameier of the 
.solmion inhe aeicd as a Oiody inas.s sieve*, 
prevchiiiig the passage ol* larger, iniaci animal.s. As 
already diseiissc*! above, (he absi^nec *»( vviaiiheiiug, 
iihmsron.s. Mi*m byilranlii tomspori und any evtciisive 
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bone suri'aco discoloration Miggests (hat the I'oncs 
did not aecuimilale outside llie eavc. The .si/c ol* 
mdivuluols o I* these species may have' pi*e vented (he it 
billing diicetly into the cliuinhcT helovv. Ilie 
individuals would be trapped and (hen die wiihin the 
Sfdiilion lulie. with (heir remains gradually 
incorporuled inlo Ihe fossil dcposll as the cuiva.sses 
dccumposed The low MNI values lor ilie.se large 
herbivore species suggest one or eill lliree 
(X)ssibi lilies; ihat few became (rapped, Ihal they 
could readily exlricale llieniselves, Ihal Iheii 
numbers were low in (be immediate vtciimv of ibe 
pillall. 

SKI*.i.r-.lAl 1-l.r.Ml‘NT AIU'NI)ANU.S 

The skelelal elemeni tibundances foi each unil and 
cxcavalion pil indieale ihal (he relahVc iiiimhcr of 
skelelal elements recovered tkir'V) is low, AcCcpling 
(he liy {lotlicMs of a pillall mechanism capturing liw 
animals at random, Ihc mainrily ol* bone in the 
dcposll would result from decomposuion i»l whole or 
neat whole animals within the Tos??il C'hamher In 
I his case, an iinli vidua I s ».*ntiiv skek*(f»n sitould hv 
lepie.seiiled wiihin ilie (oial fossil ileposil and so 
would give liigh Rd/ values were ihe eniire deposit 
lo he sampled Fhe low observed relative abuiulanees 
arc ihus iiucrprcted as an artefjict of sampling. These 
values also indicate dispoisal ol clenienl^ rollovving 
aecumulalion inkier transport regimes such 
scdiincm muss niovemeiu. water Jlow and/oi 
bioiurhalion 

l\iku'orU(*lnyy 

rOMPAkiSON VVnil VlC IOKIA rns.Mt CAVl 

Victoria Fossil Cave. located ahoiil 70() lu from 
Cathedral Cave, conlains several fossil sites that 
have yielded an unay of Middle Plcislocene faunas, 
though only (he main Ko.ssil Chamber has been 
thoroughly researL bed ('Wells r*/ <//. I9S4: Moriarty rt 
<//. 2000). The bos.vll Cluimhcr assemblage is by fm 
the largesl ami riihesi in all (he caves al Naraeoorle 
(Wells t! Lih I0S4). rossil-rith sedimerils appear (o 
have been deposited piior lo 21 t ka ami span many 
Ihotisands f »f years (.Aylirtc r( a/. I ops. Moriariy cf 
af. 2000), A pillall trap is stiggcsicd to he the primarv 
iiicclianism ivsponsihle for ihe aceiimiilndon ol 
animals (WVlIs n o! I0K4) A inajoriiy ol ific more 
comniun negalaunul sjKcies alsn occurs vvilliiii 
Calhedral C ave ie.g. SthrmfruK g////, S2 hn»wnn 
Memlees, 1P67. S'. oi ( iifcnUflis Glaucrt. pllO :iml 
irf/nhus), Tlie m.ijor laimal ililK-icnces 
between the Iwo assemblages lie in ihe pre.>enLC nl 
Ihe rarer species m Vkioria lossil Cave iC.g. 

Lt:ucf (.Kven. 1X74 .V ffH/icntOn 
Mareirs. I Pb2. .S’ nif/iyfA'cA/ Wells A Murray. 1S»7P ,s 
fhfkx L>eVis^ I, SOS, Sthruhnj-^ sp nnV S. 
Prideau.v A. WelK, IPOS and //<»> 
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Owen, |S74) |ind tjre likely lo rcflci L diltcrcncvs iti 
siiniplc si/c. 

Prcliminnry Immal samples h;ive been oholricd 
IVoMi diiicti deposil.s in Spring Chanihci aiul nnmr 
Hill I W'ilhin Vieloria Hossil Cave (Moiiariy et ttl 
iOlKI). Many spocics dcleclcd in the C alhcdral Cave 
lijs^il iissemhliiiio were not recovered IVoiri Spring* 
Cluimher. I Ins may he an Hrielaei ol flie small 
sample si/e IVom Spring Chamber. L' series dales 
oblaiiied indicate that the Spring nnimber laima is 
older than Ihal ol Cathedral Cave ( Ay litle cl ai. 
Moriariv ct til. 2000). alllitMigli some overlap occurs 
during die period 2S2-2II ka eorrespondine lo die 
lij’per pof lion die ( athedral C.ave dale range (27d- 
ka). 

Grant I hill sedimeiils appear lo have a highci fossil 
fonicni ihiiii ihose ofSpiing Chamber and the fauna 
is more like dial ol C’alhedral Cave. The megafaiina 
ivpiv.sentcd closely resembles (he Cathedral Cave 
fossil assemblage, Moriariv d at. (20()(i) suggested 
an age between 160 and HO ka lor sedimcnl 
accuimilaiion in C»rani Hall. Howe\er. ihev argue 
tlnil this may not he die Irue ngc of ihe sediment 
iiiriiix and fauna ilue lolhc poiontial lor revvorkingof 
previously ileposjled sedimeiil*'. 

PKOXIMAI ( OMMONIIV ami l‘AI.AH)IJVIVIKONMIiNI \l 
UH UN.STKI < Til »N 

.\n iMKlorsUindinc of Ihe laphonomic biases wilhiii 
die lossil assemhiage give.s more LSiidldence lo any 
palaeoenvironmemal rcconsimciion. bin. as the 
laiina aeeuniiilitrcd during a period of appro .vi male ly 
I .'^(l ka, lime-averaging may compromise this 
iiiierpreuition 

li can he eoncluJcJ that ihe large mnmm-d 
loinpiment of the proximal Ciunmiiniiy consisted 
primarily of heihj vines. Of those, gni/ing types 
spp.l were the most ahiindanl. rin* 
hiowsmg liLThivoie fauna consisted of die cMincI 
sthenuriiie kanganms. WuUtihin hicnloi and 
/.y^tnutinims tri/ohiis. Vegelaliou allowing ihis mis 
(»f herhiuia's to coexisi within die same region 
vvi»uld inehtdc slinih.s, trees and grasses. An open 
loicsi or woodland with a grassy nmlorsinrey is iho 
most likel> enviionmenl. However, grazing 
kangaroos coiikl also lorage in mom open areas 
Within a toresK on the fores! edge or adjacent 
giasslands. Murray iHJ84) siiggesied Ihai Ihe 
morphology ol the 'A\qomuHiru.s nasals may he an 
adaptation lor browsing on reeds v/ilhin sballosv 
walcf- snggesfing the pirssible presence of vvedjnds 
Ol swamps. 

The presence ol lAi.\iorhtims fiihfroits <I.Kvli» 
1H45) in the dcpo.sil appears ineonsisicu! wiHi tin-, 
cnvironmeiiul reconsiruelion. loilay. tins .species 
inliahiis senn iirid lo arid savaniiiih I'cgions (Wells 
1 However, in ihe Mid-HIcisKuoiic. this species 


may have iiihahiled ihe oilier edge of open forest or 
woodland, as even in hi.siorie limes it.s range 
exlended into higher raiiilall areas ( VVoinl- JiMios 
1624). 

.Vlosi of Ihe Miuill animal fauna is indicative ot aii 
iipen foresl/woodland enviromnenl. A smaller 
number occurs loday m sa\amiah and hculh 
vegetation suggesling it may have occniTed in close 
proximiiv to Cathedral Cave during the Middle 
Pleisioccnc. 

Mediiim-si/.ed mammals such iis bandicoots 
{lhrantt/c\ and Jsotfdi*u) need suirieieiil ground 
eover for refuge aiul (he presence of low-lying .scrub 
is sijggesied. Antechhius flavlfirs (Waierhouse. 
IX3S), fditiM rtilunt iCiouIdv IH44) and 

Ci'n tiricln.s nanti^ llX’sinuresl, I SIX) are arhnreul 
species. This furlliei sufiporis ihe^ presence ol 
ahiindam irec.s eoiisisicul with an open 
fores! /wood land. The only arid sficcics rcctivercal 
from the tnssil tleposii was ihe l^lain-s kui, 
f^scuilomy.s wi.siruli.s (Cnay. IS.12) whieli VVallnii 
i I6XX) siiggcsis prefer lodiiy rocky arid regions. 

The fauna suggests a vegeiaiion striieiure simila) to 
that of Ihe i-egion prior n> Luropcan laiul clearing, 
(roll <7 ai (1660) iiulicato that (ho vegonilion 
commniiily of the Naraeoorte region was duininaleil 
by open eiiculypl loivsl/wTiodlaiKls with miemiitlent 
tussoek grassland.s and scdgtdand prior lo Ruropcan 
sellleiiienl. The diversity in vegotnlion I6r the region 
during the Middle Pleisloeene as indicated by the 
Cathedial Cave fos.sil Imina su.ggesis that on a local 
scale I he vegeiaiion may have been ecotonul. 

Pai.ai-.ih ( iM.ATr: 

Hiiring the period bracketing the Cnihedral Cave 
fossil assemblage i between 159 and 276 K.i) a glacial 
nnixinnim oceiurcd at ^70 ka along vvilli an 
iiileigUictal (eevygon iMi|n|*H: stage 7e) ami warm 
inhM siaili.il periods cen I red c>n 240. 220 and 1 65 ka 
lAvliflc d a/. I66X. Wmouiad iil I667r 
Miiriinson rr at i)6S7i reported Ihive radioluriiin 
liigli tcnipeiauiie pcaKs for the Souitiern Ocean 
iUCHl -1201 during the time ol lauiial uccumulaMnn 
• U 24ii,22lt and 165 kavvilh a tnaximum icmpcTimiic 
n( vihxii It. .5 *C hlgliil than present and lowesi 
lemp.malures averaginy > ‘C txdnu po’Si'nl I'hr high 
lempcfaliirc peaks correlate with the iiiterghicf d <»i 
warm iruersliidial c-venis of this perinil. Aylille .d. 

I |6L)X^ siiMgesI speleoihcrn dc-po^ilioll lolloweil dicsc 
phiu^e.s eni responding to stadials and cool 
mietstaJiah. I iide hime a^jcnmidalcd dinmg pernuK 
id speleuiliein iHmuauai siiggesiitig that the majoriiy 
ui .nnnul remains sverv- accnnuiluled during die 
vmiDiei’ Inteiel-KTaj- .md nuersladiid.v Accepting tins 
l)\po|]iCMs enal'lfs Hie doles for the spin dufinv 
which (lie faniuil remams w/cie aeeuuiulaniig to f^* 
lellned <o iho period 240 ka lo |65 k.i 
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AylilTc <7 id (lyOS) iiulicalal ihal ihi: rqiional 
liytlrological halancc at pivsoni Is an anali»^jue lor 
Mllciglacial coiidiln»ii>, imti Liking Ihis inlo accoiml 
ii is i*oiidmloil llial (he inajoiily of animal remains 
acsiimulalccl dining (k'I khIs of local chmalc similar 
to dial of ihc prcscni lime. 

AcKiunvIcdRiiients 

We lliaiik M. McDowell lor hi.s help in .Mirvcying, 
imgoring, lossjl eolledion and idcnlificalion ol lodeiil 
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